Although the cholinergic system has long been implicated in the formation of memory, there had been no direct demonstration that activation of this system can actually induce specific behavioral memory. We have evaluated the ''cholinergic-memory" hypothesis by pairing a tone with stimulation of the nucleus basalis (NB), which provides acetylcholine to the cerebral cortex. We found that such pairing induces behaviorally-validated auditory memory. NB-induced memory has the key features of natural memory: it is associative, highly-specific and rapidly induced. Moreover, the level of NB stimulation controls the amount of detail in memory about the tonal conditioned stimulus. While consistent with the hypothesis that properly-timed release of acetylcholine (ACh) during natural learning is sufficient to induce memory, pharmacological evidence has been lacking. This study asked whether scopolamine, a muscarinic antagonist, impairs or prevents the formation of NB-induced memory. Adult male rats were first tested for responses (disruption of ongoing respiration) to tones (1-15 kHz), constituting a pre-training behavioral frequency generalization gradient (BFGG). Then, they received a single session of 200 trials of a tone (8.00 kHz, 70 dB, 2 s) paired with electrical stimulation of the NB (100 Hz, 0.2 s). Immediately after training, they received either scopolamine (1.0 mg/kg, i.p.) or saline. Twenty-four hours later, they were tested for specific memory by obtaining post-training BFGGs. The saline group developed CS-specific memory, manifested by maximum increase in response specific to the CS frequency band. In contrast, the scopolamine group exhibited no such memory. These findings indicate that NB-induced specific associative behavioral memory requires the action of intrinsic acetylcholine at muscarinic receptors, and supports the hypothesis that natural memory formation engages the nucleus basalis and muscarinic receptors.
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Introduction
Acetylcholine (ACh) has long been implicated in learning and memory (Deutsch, 1971; Flood, Landry, & Jarvik, 1981) and continues to be the focus of extensive research (Power, Vazdarjanova, & McGaugh, 2003) . For example, pharmacological blockade of the cholinergic system impairs many forms of memory in both animals and humans (Anagnostaras, Maren, Sage, Goodrich, & Fanselow, 1999; Chudasama, Dalley, Nathwani, Bouger, & Robbins, 2004; Lozano, Armengaud, & Gauthier, 2001; Múnera, Gruart, Muñoz, & Delgado-García, 2000; Ravel, Elaagouby, & Gervais, 1994; Rudy, 1996; Schön, Atri, Hasselmo, Tricarico, LoPresti, & Stern, 2005) . Cholinergic agonists and cholinesterase antagonists can facilitate memory (Introini-Collison & McGaugh, 1988; Stratton & Petrinovich, 1963) , promote recovery of memory from brain damage (Russell, Escobar, Booth, & Bermudez-Rattoni, 1994 ) and achieve rescue from memory deficits in transgenic mice (Fisher, Brandeis, Chapman, Pittel, & Michaelson, 1998) . In addition, several non-cholinergic treatments that facilitate memory, such as adrenergic agents and stress hormones, exert their effects via the cholinergic system (Salinas, Introini-Collison, Dalmaz, & McGaugh, 1997) .
Such findings suggest that ACh is released during many types of learning and that its effects throughout the brain may promote the formation of memory and/or increase its strength. The nucleus basalis (NB) of the basal forebrain is a likely candidate for learning-related release of ACh to the cerebral cortex because it is the major source of cortical ACh (Bigl, Woolf, & Butcher, 1982; Johnston, McKinney, & Coyle, 1979; Luiten, Gaykema, Traber, & Spencer, 1987; Mesulam, Mufson, Wainer, & Levey, 1983; Rye, Wainer, Mesulam, Mufson, & Saper, 1984) . Also, stimulation of the NB releases ACh in the cortex and produces cortical electroencephalographic (EEG) activation, the waking state accompanying most learning (Casamenti, Deffenu, Abbamondi, & Pepeu, 1986; Celesia & Jasper, 1966; Détári, Juhász, & Kukorelli, 1984; Détári, Rasmusson, & Semba, 1999; Jiménez-Capdeville, Dykes, & Myasnikov, 1997; Rasmusson, Clow, & Szerb, 1992 , 1994 Rasmusson, Szerb, & Jordan, 1996) .
